Purpose: Aging is a major risk factor in dry eye disease (DED), and understanding sexual differences is very important in biomedical research. However, there is little information about sex differences in the effect of aging on DED. We investigated sex differences in the effect of aging and other risk factors for DED. Methods: This study included data of 16,824 adults from the Korea National Health and Nutrition Examination Survey (2010Survey ( -2012, which is a population-based cross-sectional survey. DED was defined as the presence of frequent ocular dryness or a previous diagnosis by an ophthalmologist. Basic sociodemographic factors and previously known risk factors for DED were included in the analyses. Linear regression modeling and multivariate logistic regression modeling were used to compare the sex differences in the effect of risk factors for DED; we additionally performed tests for interactions between sex and other risk factors for DED in logistic regression models. Results: In our linear regression models, the prevalence of DED symptoms in men increased with age (R=0.311, P=0.012); however, there was no association between aging and DED in women (P.0.05). Multivariate logistic regression analyses showed that aging in men was not associated with DED (DED symptoms/diagnosis: odds ratio Conclusion: There were distinct sex differences in the effect of aging on DED in the Korean population. DED following ocular surgery also showed sexually different patterns. Age matching and sex matching are strongly recommended in further studies about DED, especially DED following ocular surgery.
Introduction
Dry eye disease (DED) is a multifactorial disorder of the ocular surface and an important public health issue that causes ocular discomfort and visual disturbance. 1 DED affects ~15% of the US population, and it is more common in older people. 2 The Epidemiology Subcommittee of the 2007 Dry Eye WorkShop reported that major risk factors for DED included increasing age, female sex, and a history of previous ocular surgery. 2 Men and women have differences in their basic physiology, their susceptibility to diseases, and their behavioral and psychosocial factors. Recently, consideration and characterization of sex-related differences are becoming increasingly important in biomedical research. Understanding sex differences in DED is essential for successful disease evaluation and management. There have been many epidemiologic studies that had evaluated several risk factors for DED. [3] [4] [5] [6] [7] [8] However, to the best of our knowledge, there is little information about how risk factors for DED, including aging and previous ocular surgery, are affected by sex. Therefore, we investigated sex-related differences in risk factors for DED using a well-stratified, large population-based dataset from the Korea National Health and Nutrition Examination Survey (KNHANES).
Methods study population and data collection
KNHANES is a nationwide, population-based, cross-sectional survey consisting of three parts: a health interview survey, a health examination survey, and a nutritional survey. A field survey team that included an ophthalmologist, as well as nurse examiners for health assessments, traveled with a mobile examination unit to perform interviews and physical examinations. Between January 1, 2010, and December 31, 2012, 11,400 households in 576 survey districts were enrolled in KNHANES V using the stratified, multistage, clustered sampling method that was based on 2009 National Resident Demographics; 31,596 individuals were sampled. The response rate for KNHANES V was 80.8% (25,533 subjects). After excluding possible subjects who did not provide information for both DED and our study covariates, 16,824 adult subjects were included in our statistical analysis (Figure 1 ). This study was approved by the institutional review board of the Korea Centers for Disease Control and Prevention and complied with the tenets of the Declaration of Helsinki. All participants provided written informed consent. All data were de-identified.
Outcome measures in DeD
We identified DED using the following two questions: 1) Do your eyes frequently feel dry or irritated? and 2) Have you ever been diagnosed by an ophthalmologist as having dry eye syndrome? Possible answers to both questions were "yes" or "no". Based on these questions, we defined two outcome measures for DED: 1) DED symptoms or 2) DED diagnosis.
Potential risk factors of DeD
Since DED is a multifactorial disease, we considered sociodemographic and previously known clinical factors as potential risk factors for the onset of DED. Sociodemographic factors included age, sex, region of residence (urban vs rural), education level (university or higher vs high school or lower), and income level (high [first or second quartile] vs low [third or fourth quartile]). Previous study and our pilot analysis (data not shown) using KNHANES data showed that DED symptoms and diagnosis were both significantly associated with the presence of thyroid disease, dyslipidemia, subjective health awareness, and previous ocular surgery history. 9 Therefore, we considered the presence of thyroid disease (±), dyslipidemia (±), subjective health awareness (poor/good), and previous ocular surgery history (±) as potential risk factors for DED. After consideration of previous studies, we included the presence of additional diseases as potential risk factors: hypertension (±), diabetes mellitus (±), rheumatoid arthritis (±), depression (±), and atopic dermatitis (±).
2,10 "Previous ocular surgery" included cataract surgery, pterygium surgery, corneal refractive surgery, and vitrectomy.
statistical analysis
To sufficiently accommodate the complex survey design of stratification, random sampling, and cluster sampling, all statistical analyses were performed using SPSS Complex Samples procedures (PASW Statistics for Windows, Version 18.0. Chicago, IL, USA) in accordance with the SPSS manual from the Korea Centers for Disease Control and Prevention and the Korean Ophthalmological Society. 11, 12 Since increasing age is the most well-known risk factor for DED, linear regression models were used to evaluate associations between aging and the prevalence of DED in Korean men and women. Additionally, multivariate logistic regression models were constructed to compare sex-related differences in the risk factors for DED. In all logistic models, sociodemographic and clinical factors (age, region of residence, education level, income level, dyslipidemia status, thyroid disease status, subjective health awareness, hypertension status, diabetes 
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sex differences in risk factors of dry eye mellitus status, rheumatoid arthritis status, depression status, atopic dermatitis status, and previous ocular surgery history) were included. The values of odds ratio (OR) in men and women were statistically compared using P for the interaction test. P-value ,0.05 was assumed as significant. subgroup analysis in subjects .40 years old A previous study using KNHANES data showed a double top pattern in the prevalence of DED according to age (high in individuals in their 20s and 60s). The authors of that study suggested that the main reason for this pattern could be contact lens usage by the younger generation. 9 In Korea, the mean age of contact lens users is 22.9±6.8 years; most users are women (89.0%). 13 Contact lens usage is a widely known risk factor for DED. 2 Since KNHANES did not record data about contact lens usage, we performed the aforementioned statistical analyses separately on subjects .40 years old to control for confounding effects from contact lens usage.
Results
The baseline characteristics of the study subjects are shown in Table 1 . The mean age of all subjects was 50.9±16.7 years. There were 7,104 men and 9,720 women. The estimated prevalences of DED symptoms and diagnosis were 10.8% (95% CI: 9.7-11.9) and 4.9% (95% CI: 4.3-5.5), respectively, in men; these prevalences were estimated at 21.6% (95% CI: 20.2-23.0) and 13.6% (95% CI: 12.7-14.7), respectively, in women. In a linear regression model, the prevalence of DED symptoms in men slightly increased with age ( In multivariate logistic regression modeling, dyslipidemia, subjective health awareness, and previous ocular surgery were significantly associated with the presence of DED symptoms and diagnosis when men and women were combined in a single group (each P,0.05; Tables 2 and 3 Table 2 ). In subjects $40 years old, the effects of previous ocular surgery on DED symptoms in men were also significantly greater than those in women ("previous ocular surgery × sex" interaction -DED symptoms: OR =2. 16 [men], 1.67 [women], P=0.038; Table 3 ). The associations of higher education level with DED symptoms were also different between men and women in subjects who were $40 years old ("higher education level × sex" interaction: OR =1.50 [men], 0.84 [women], P=0.025; Table 3 ). Interactions between sex and the other risk factor variables (region of residence, dyslipidemia status, thyroid disease status, subjective health awareness, hypertension status, diabetes status, depression status, and atopic dermatitis status) were not significant (each P.0.05; Tables 2 and 3) .
Discussion
This study demonstrated obvious differences between men and women in risk factors for DED. In our linear and logistic regression models, distinct sex differences in the effect of aging on DED were revealed. In the logistic regression models, previous ocular surgery was significantly associated with DED for both men and women; however, its effects on DED risk were much greater for men than for women. Higher education level was more strongly related to DED symptoms in men than in women. Although dyslipidemia, 
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Ahn et al thyroid disease, subjective health awareness, and depression showed different sex-related ORs, these interactions were not statistically significant.
In multivariate logistic regression models, men presented no significant associations between age and DED, while women showed negative associations between increasing age and DED. In addition, linear regression models also revealed different sex-related patterns in the prevalence of DED. Sex hormones seem to be responsible for these sex-related associations between aging and DED. 14, 15 Although the effects of sex hormones on the ocular surface are not fully understood, it is known that androgens enhance the function of the lacrimal and meibomian glands; estrogen may antagonize this action. 16 In addition, it has been suggested that estrogen stimulates immune responses, whereas androgens suppress inflammatory reactions. 17 The androgen/estrogen ratio is usually higher in men than in women, and this may contribute to the sex-related differences in the prevalence of DED. 18 Androgen levels generally decrease linearly with age in both men and women. 16 However, the estrogen level remains almost steady in men regardless of age; it decreases abruptly in women after menopause. 16, 19 Therefore, the androgen/estrogen ratio decreases in men, but increases in women, with increasing age. 18, 19 These changes may explain the sex-related different associations between DED and increasing age in our study.
Increasing age is a well-known risk factor in DED, and most ophthalmologists think that aging is positively associated with DED. 20 Decreased tear production from lacrimal gland dysfunction, combined with increased tear evaporation rate, can induce more DED with increasing age. 20 In addition, elderly patients usually undergo ocular surgery and use several drugs that can induce DED (such as antidepressants, diuretics, dopaminergic drugs, and antimetabolites). 20 However, the prior study using KNHANES data did not show certain positive association between increased age and DED. In fact, some epidemiologic studies have suggested that aging was a major associated factor for DED; 3, [21] [22] [23] however, other studies have indicated that aging was not significantly associated with DED. [4] [5] [6] 8, 24 Decreased corneal sensitivity and decreased corneal nerve density, which occur in elderly patients, may be involved in these inconsistent findings about DED. 25, 26 Further large-scale clinical and epidemiological studies are needed that consider the relationships between possible DED risk factors and corneal sensitivity.
Postoperative pain is usually more severe among women than men, which implicates sex hormones as factors that influence pain sensitivity. 27 Contrary to our expectations, we found that DED following previous ocular surgery was 
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sex differences in risk factors of dry eye more prevalent in men than in women. This is a previously unknown and interesting observation regarding the risk factors for DED. Most ocular surgeries are performed in elderly patients. Because the androgen/estrogen ratio is relatively decreased in elderly men as mentioned earlier, postoperative inflammation may be more exaggerated or sustained in men than in women, which may influence the onset of DED. Sex-related differences in compliance with postoperative medication regimens may also affect the prevalence of DED. Further clinical and experimental studies about sex difference in DED after ocular surgery are required. Previous studies showed that psychological factors can affect DED and that correlations between mental state and the onset of DED were more prominent in women. [28] [29] [30] [31] This study also demonstrated that poor subjective health awareness and depression were deeply associated with DED; importantly, OR values were greater in women than in men. However, there was no significant difference between men and women for "subjective health awareness × sex" or "depression × sex" interactions (each P.0.05). Although psychological factors are important in DED, sex-related differences in the impacts of psychological factors on DED may not be as prominent as expected. Higher education level was also associated with the onset of DED, especially in men who were $40 years old. Decreased blinking during reading or video display terminal (VDT) use can be related. 32, 33 There has been no study to suggest that education level influences DED in a sex-related manner. Therefore, further detailed studies are needed to understand the sex-related differences in the onset of DED after reading or VDT work.
There are a few limitations in this study. First, DED was not identified from physical examination but from selfreported questionnaires. Therefore, our results could be different than if we had strictly used criteria for clinically diagnosed DED. We think that two questionnaires in this study were insufficient to reflect overall DED. Second, this study has a cross-sectional design; thus, the results do not definitively prove a causal relationship. Third, age-related changes in the meibomian gland were not considered. Fourth, hormonal status or information about drug use was not included in the analyses. Despite these limitations, this large-scale population-based study is noteworthy because it utilizes a well-defined dataset and several statistical methods to show consistent differences between men and women with DED. Furthermore, the subgroup analyses, designed to exclude the confounding effects of contact lens usage, presented similar results.
Conclusion
Aging and previous ocular surgery affected DED differently between Korean men and Korean women. Age-and sexmatching controls need to be more strongly considered in future studies about DED, especially in studies about DED after ocular surgery.
